Abstract. Dicalcium phosphate dihydrate (DCPD) was used as a green and reusable catalyst in order to synthesized two important categories of heterocycles, 3,4-dihydropyrimidin-2-ones and 3,4-dihydropyrimidin-2-thiones. The advantages of our method are as follow: short reaction times, green process, reduced environmental hazards and high isolated yield of products. Key words: Heterogeneous catalysis; Green process; Dicalcium phosphate; 3,4-Dihydropyrimidin-2-ones; 3,4-Dihydropyrimidin-2-thiones.
Introduction
Multicomponent reactions (MCRs) are of great importance in both organic and medicinal chemistry for various reasons [1] . They offer significant advantages compared to conventional synthesis. Thus, MCR condensations involve three or more compounds that react in a one-pot reaction to form a new product. The Biginelli reaction is one of the most important multicomponent reactions for the synthesis of dihydropyrimidinones, consisting in the acid catalyzed cyclocondensation reaction of an aldehyde, a b-ketoester and a urea (or thiourea) [2] . Over the past decade, dihydropyrimidin-2-ones (DHPMs) and derivatives have attracted considerable attention in organic and medicinal chemistry because of their pharmacological and therapeutic properties [3] . Some derivatives have emerged due to their potential antiviral, antitumor, antibacterial and anti-inflammatory activities [3] [4] [5] . More recently, functionalized DHPMs are considered potent calcium channel blockers [6] , antihypertensive agents [7] , adrenergic antagonists [8] and neuropeptide Y (NPY) antagonists [9] . The original Biginelli protocol for the DHMPs preparation consisted of heating a mixture of the three components (1equiv of an aldehyde 1, 1 equiv of β-keto ester 2, and 1.5 equiv of urea 3), in ethanol with a catalytic amount of HCl [2, 4] . This procedure leads in one-pot reaction to the desired DHMPs, but in low yields, particularly for substituted aromatic and aliphatic aldehydes [7] .
The Biginelli condensation is also performed using Lewis acids such as BF 3 [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] , STO/Al-P [25] . FeCl 3 /Nanopore silica [26] , PhB(OH) 2 [27] , Cu(NH 2 SO 3 ) 2 [28] , Fe 3 O 4 nanoparticles [29] , sulfonated carbon materials (SCMs) [30] , N-acetyl glycine (NAG) [31] [32] , Yb(OTf) 3 [33] , 3-[(3-(trimethoxysilyl)propyl) thio]propane-1-oxy-sulfonic acid (TMSPTPOSA) [34] , [36] , Boehmite nanoparticles [37] , TiO 2 -CNTs [38] and H 5 PW 10 V 2 O 40 /Pip-SBA-15 [39] . However, many of these methods use longer reaction times, strong acidic conditions and stoichiometric amounts of catalysts.
In the present study, we report a green and valid procedure for the synthesis of 3,4-dihydro pyrimidin-2-ones via one-pot condensation of aromatic aldehydes, acetylacetone or ethyl acetoacetate and urea or thiourea in the presence of dicalcium phosphate dihydrate (DCPD) [40] as a heterogeneous catalyst. ammonium dihydrogenophosphate. After 2 h of maturation, the suspension was filtered, washed and freeze dried. The appropriate physical methods which should be used to confirm the identity of the product are IR absorption spectroscopy, XRD, elemental analyses of calcium and phosphate concentrations, scanning electron microscopy, and specific surface by BET [40] .
The choice of appropriate reaction conditions is important for a successful synthesis. To study the effect of catalyst on the reaction, the one-pot condensation of benzaldehyde 1a (1 mmol), acetylacetone 2 (1 mmol) and urea 3 (1.5 mmol) was chosen as a model reaction in the presence of 5 mol% dicalcium phosphate dihydrate (DCPD) at reflux conditions in EtOH (Scheme 1). The efficiency of the condensations was mainly affected by the amount of the catalyst. Biginelli reaction in the absence of catalyst (Table 1 , entry 1) was found to be very slow and gave a poor yield of DHPM (39 % isolated) after a longer reaction time (45 min), while good results were obtained in the presence of DCPD. The optimal amount of the catalyst was 7 mol% (Table 1, entry 6), whereas a higher amount of the catalyst did not increase the yield noticeably (Table 1, entry 7).
In order to optimize the reaction conditions, various solvents such as EtOH, MeOH, butanol, isopropanol, CH 3 CN, AcOEt, THF and solvent-free conditions in the presence of DCPD as the catalyst were used (Table 1) . Reaction in CH 3 CN and AcOEt gave low product yields even after 35 min (Table 1 , entries 11 and 13). The yields were moderate in case of methanol, butanol, isopropanol, THF and solvent-free condition. The best results were obtained when the reaction was carried out in ethanol at reflux for 35 min in the presence of 7 mol% of catalyst (Table 1, entry 6) .
After the condensation, the DCPD catalyst was filtered, washed with EtOH and dried in vacuum oven at 100 °C. The activity of the recovered catalyst did not decrease appreciably even after six consecutive runs, and no significant loss of conversion was observed, depicting the high stability of the catalyst under the reaction conditions ( Table 2 ).
The generality of reaction was studied under optimal conditions by varying the structure of aldehyde (Scheme 2). As the data in Table 3 show, the catalyst was highly efficient for the reaction and all aromatic aldehydes (containing electron-withdrawing substituents or electron-donating substituents) afforded the corresponding products in high yields within short reaction times.
The efficiency of our newly synthesized catalyst for the synthesis of 3,4-dihydropyrimidin-2-ones and 3,4-dihydro- Scheme 1. Synthesis of 3,4-dihydropyrimidin-2(1H)-one 4a catalyzed by dicalcium phosphate dihydrate (DCPD). pyrimidin-2-thiones 4 was further evaluated by comparing its performance with several other catalysts reported in the literature [41] [42] [43] [44] [45] [46] . The results revealed that DCPD catalyst performed much more effectively than others in terms of providing a very short reaction time, mild conditions and a high yield of the product (Table 4) .
Conclusions
In summary, we have developed a convenient and highly efficient method for the synthesis of 3,4-dihydropyrimidin-2-ones and 3,4-dihydropyrimidin-2-thiones derivatives. The mild reaction conditions, experimental simplicity, straight forward purification procedures, excellent yields with short reaction times, as well as the application of green chemistry principles, are the advantages of this methodology.
Experimental Section General procedure for the synthesis of catalyst (DCPD)
Dicalcium phosphate dihydrate (DCPD) was prepared by mixing 50 mL of a 0. 
Typical experimental procedure for the synthesis of compounds 4a-h
A mixture of urea or thiourea (1.5 mmol), substituted benzaldehyde (1 mmol), b-ketoester (1 mmol) and dicalcium phosphate dihydrate (DCPD) (7 mol %) in ethanol (10 ml) was heated to reflux for a specified time (TLC monitoring). Solid precipitated out from the reaction mixture was filtered, and recrystallized from methanol to afford pure 3,4-dihydropyrimidin-2(1H)-ones/ thiones as yellow/white solids. The catalyst was recovered by vacuum filtration during recrystallization and treated by the procedure mentioned below. The products prepared 4 are known compounds [22] [23] [24] [25] [26] [27] [28] and were confirmed by comparing the 1 H NMR and 13 C NMR data with authentic samples reported in the literature. Ethyl 4-(4-methoxyphenyl)-6-methyl-2-oxo-1,2,3,4-tetrahy 
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